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Purpose: High-sensitivity C-reactive protein (hs-CRP) has been shown as an important 
predictor of cardiovascular risk, and sleep duration is an important factor influencing health 
outcomes. However, the association between hs-CRP and sleep duration among Chinese 
adults remained unknown and controversial. We aimed to explore the associations between 
sleep duration and hs-CRP levels among Chinese adults, and the differences in sex and 
geographical regions.
Methods: This cross-sectional study was based on nationally representative Chinese sam-
ples from the 2009 China Health and Nutrition Survey, which employed multistage, random 
cluster designs. Habitual sleep duration was self-reported with short and long sleep duration 
defined as ≤6h and ≥9h per day, respectively. Participants were divided into 4 groups based 
on the categories of self-reported sleep duration (≤6h, 7h, 8h, ≥9h per day), excluding hs- 
CRP levels ≥10 mg/L. Subset samples were stratified by sex and geographical regions.
Results: A total of 8170 Chinese adults with a mean age of 50.0±14.9 years and 4369 (53.5%) 
men were included. Participants sleeping eight hours had the lowest hs-CRP levels. Long sleep 
duration (≥9h) was significantly associated with elevated hs-CRP levels after adjusting for multiple 
covariates in full samples (β=0.0356; 95% CI: 0.0050–0.0663; P=0.0228), but the associations of 
short sleep duration (≤ 6h) were limited to the unadjusted model. Long sleep duration was 
associated with elevated hs-CRP levels in women (β= 0.0512; 95% CI: 0.0097–0.0927; 
P=0.0155) and in the northern region of China (β=0.0699; 95% CI: 0.0210–0.1187; P=0.0051), 
but not in men or the southern region.
Conclusion: Long but not short sleep duration was positively associated with elevated hs- 
CRP levels, independent from traditional risk factors among Chinese adults, and sex and 
geographical differences were observed. Our findings imply that modifications of long sleep 
duration might be added to behavioral therapy to reduce cardiovascular risk in Chinese 
adults.
Keywords: high-sensitivity C-reactive protein, sleep duration, cardiovascular risk, Chinese 
population

Introduction
Studies on sleep are increasingly attracting universal attention.1,2 Previous studies 
have shown that sleep plays a critical role in health maintenance and is associated 
with numerous health outcomes such as aging, obesity, hypertension, stroke, and 
cardiovascular disease (CVD).3–6 Among the factors being closely associated with 
sleep problems, sleep duration is comparably the easiest to modify for the ameli-
oration of health. C-reactive protein (CRP) is a typical biomarker for inflammation, 
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and the high sensitivity CRP (hs-CRP) assay has low 
detection limits and good performance for critical health 
outcomes.7,8 Noticeably, hs-CRP is universally regarded as 
a more effective predictor of cardiovascular risk than 
traditional risk factors.9 Recently, emerging evidence has 
shown that anti-inflammatory therapy for patients with 
cardiovascular disease could significantly reduce the risk 
of cardiovascular events.10,11

Copious studies explored the associations between 
sleep duration and hs-CRP levels with inconsistent and 
controversial results.12–19 Linear13–15 or curvilinear 
relationships6 and J-shaped12,13,16,18 or U-shaped 
associations13,19 have been reported in studies. The dif-
ferences in the measurements of sleep duration, the cut-
off of increased hs-CRP, and targeted populations might 
account for the discrepancies to some extent. A previous 
meta-analysis, which included few studies on Chinese 
populations, was conducted with a high degree of 
heterogeneity.20 Most importantly, accumulating evi-
dence indicates race/ethnicity differences in the relation-
ships between sleep duration and hs-CRP levels.6,13 The 
existing large-scale studies were predominantly on 
Caucasian populations from Western countries; there 
have been no large-scale and nationally representative 
studies on Chinese populations. The conclusions from 
studies based on Caucasian-predominant populations 
might contain a great deal of incertitude for Chinese 
populations due to the differences in race/ethnicity. 
Some studies from Taiwan examined sleep duration and 
elevated hs-CRP levels, but their samples were too small 
and lacked generality.17,21 Thus, the exact relationships 
between sleep duration and hs-CRP in Chinese popula-
tions are still unclear. Since gender differences in the 
association of sleep duration and inflammations were 
reported in previous studies,13,18 whether the sex- 
specific effects modifications exist among Chinese adults 
remains unknown. Moreover, previous studies reported 
geographical region differences among adults living 
southern and northern region of China in the prevalence 
of hypertension22 and obesity23 which were closely asso-
ciated with inflammations. Considering the different life-
style habits of people living in northern and southern 
regions of China, such as eating and sleep habits, there 
might be geographical region discrepancies in the asso-
ciation of sleep duration and inflammations.

Accordingly, the current cross-sectional study aimed to 
evaluate the association between self-reported sleep dura-
tion and hs-CRP levels nationwide among Chinese adults. 

Many known confounders were taken into consideration. 
We also examined sex differences and geographical region 
discrepancies among Chinese adults.

Methods
Study Population
The China Health and Nutrition Survey (CHNS) was 
designed and conducted to examine the status of and 
changes in the health, nutrition, and family planning 
policies.24 The survey used a multistage, random cluster 
design to draw surveyed samples from nine provinces vary-
ing largely in geography, economic development, public 
resources, and health indicators. Valid informed consents 
were obtained from all the participants, and the surveys 
were approved by the Institutional Review Boards of the 
University of North Carolina at Chapel Hill and the 
National Institute for Nutrition and Health, Chinese 
Center for Disease Control and Prevention. More details 
and information about CHNS can be obtained elsewhere.25

Since blood samples were first collected in 2009, the 
present study focused only on the data from the 2009 
CHNS. We excluded participants whose data were missing 
for values of sleep duration or hs-CRP concentrations, whose 
hs-CRP levels ≥10 mg/L, and whose age was <18 years.

Measurements
High-Sensitivity C-Reactive Protein
Blood samples (12 mL) were collected from participants 
by venipuncture after an 8–12h overnight fast. All blood 
samples were immediately centrifuged and stored at −86 ° 
C for later analyses, ultimately processed in a national 
central laboratory in Beijing (medical laboratory accred-
itation certificate ISO 15,189:2007) with strict quality 
control. The hs-CRP was quantified via the immunoturbi-
dimetric method using an automated analyzer (Hitachi 
7600, Tokyo, Japan) with Denka Seiken reagents (Tokyo, 
Japan).

Other biomarkers including triglycerides (TG), high 
density lipoprotein cholesterol (HDL-C), low density lipo-
protein cholesterol (LDL-C), uric acid (UA), fasting serum 
glucose, and fasting serum insulin, previously described in 
detail for this sample,26 were also presented in our 
analysis.

Sleep Duration
Sleep duration was measured by a self-reported question-
naire. Participants were asked “how many hours do you 
usually spend in sleeping each day, including daytime and 
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nighttime?”. The responses about sleep duration were 
reported in only 1-hour increments and varied 1 to 18 
h of sleep per day. Following recommendations from the 
American National Sleep Foundation as modified for 
Chinese adults, the optimal sleep duration was 7–8h 
per day, with short sleep duration defined as ≤ 6h and 
long sleep duration defined as ≥ 9h per day.27,28 

Therefore, sleep duration was categorized into four 
groups: ≤ 6h, 7h, 8h, ≥ 9h.

Sociodemographic Information and Anthropometry
Age, sex, residence (rural or urban), educational attainment 
(low, medium, high), and household income per capita (cate-
gorized into tertiles as low, medium, and high) were investi-
gated through the questionnaire. The nine provinces surveyed 
in 2009 were stratified into the northern region (Liaoning, 
Heilongjiang, Shandong, Henan) and southern region 
(Jiangsu, Hubei, Hunan, Guangxi, Guizhou), divided by the 
Qinling Mountain-Huaihe River Line.29 Anthropometry was 
conducted under standardized conditions, including measure-
ments of height, weight, systolic blood pressure (SBP), and 
diastolic blood pressure (DBP). Body mass index (BMI) was 
calculated as weight (kg) divided by the squared height in 
meters (m2).30

Lifestyle Factors and Health Status
Lifestyle factors included physical activity (grouped into 
three levels: low, moderate, and high), total energy 
intake, smoking status (currently smoking or not), and 
alcohol drinking habits (currently drinking or not),26 

which were collected through self-reported questionnaire. 
Health status of participants was also recorded in the 
CHNS interview by asking yes/no questions about parti-
cipants’ history of diagnosed diabetes and the use of oral 
antidiabetic drugs and insulin, their history of diagnostic 
hypertension and the use of antihypertensive drugs, and 
their history of diagnosed myocardial infarction (MI), 
stroke, or cancer.

Statistical Analyses
Characteristics were summarized with proportions for 
categorical variables and presented as mean ± SD (stan-
dard deviance) for continuous variables. Differences 
between groups were determined by one-way analysis of 
variance or Kruskal–Wallis test for continuous variables 
and Pearson χ2 statistic for categorical variables. Hs-CRP 
levels were natural-log transformed prior to analysis to 
approach a normal distribution.

Relationships between CRP and categorical sleep dura-
tion were analyzed with generalized linear models (created 
by PROC GENMOD in SAS), using eight hours of sleep as 
the reference. Model 1 adjusted for age, sex, and BMI. 
Further adjustments in Model 2 included educational attain-
ment, residence, geographical region, and household 
income per capita. Model 3 additionally included life habi-
tual factors such as smoking status, alcohol drinking habits, 
physical activity level, and total energy intake. Model 4 
included Model 3 covariates and SBP, DBP, TG, HDL-C, 
LDL-C, UA, fasting serum glucose, and fasting serum 
insulin. Model 5 contained Model 4 covariates and health 
status-related variables (mentioned above). Subgroup ana-
lyses were stratified by sex and geographical regions sepa-
rately to explore differences and discrepancies. Sensitive 
analysis was conducted by categorizing hs-CRP levels into 
two groups, high or low levels, in complete samples. The 
cut-off point for the classification was 3mg/L of hs-CRP.31 

Logistic regressions were used to access the association 
between hs-CRP categories and sleep duration with odd 
ratio (OR) and 95% confidential interval (CI). P <0 0.05 
(two-sided) was regarded as statistically significant, and all 
the statistical analyses were conducted with SAS 9.4 (SAS 
Institute, Inc., Cary, NC, USA).

Results
Characteristics of Participants Selected
There were 9549 participants who provided blood samples 
and anthropometric measures in this survey. After exclud-
ing those whose values of sleep duration (n = 167) or hs- 
CRP concentrations (n=52) were missing, whose hs-CRP 
levels ≥10 mg/L (n=382), and who were <18 years of age 
(n =778), a total of 8170 adults with a mean age of 50.0± 
14.9 years and 4369 (53.5%) men were finally included for 
the current study. The characteristics of all participants 
across sleep duration categories are presented in Table 1. 
Among the 8170 Chinese adults, 8h of sleep was the most 
frequent sleep duration, and participants sleeping 8 hours 
had the lowest hs-CRP levels. A substantial minority, 
22.9% of participants, had long sleep duration (≥9h) and 
10.2% of participants had short sleep duration (≤ 6h). 
Participants with short sleep duration (≤ 6h) were more 
likely to be older, have higher education attainments and 
household income, higher levels of LDL-C, fasting blood 
glucose, SBP, and DBP, and higher levels of physical 
activity, but they were less likely to live in rural regions.
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The characteristics of participants by sex and geographi-
cal region are displayed in Table 2. Men tended to report 
currently smoking and drinking, high physical activity levels, 

history of diabetes and stroke, higher total energy intake, and 
higher levels of TG, UA, SBP, and DBP, whereas women 
were more likely to report low education and income 

Table 1 Characteristics of Participants Across Sleep Duration

≤6h 
(n=831)

7h 
(n=1575)

8h(Mean) 
(n=3893)

≥9h 
(n=1871)

P Valuea Total 
(n=8170)

Age (years) 57.1±13.9 51.4±13.7 47.8±14.1 50.4±17.0 <0.0001 50.0±14.9

Male (n, %) 459(55.2%) 842(53.5%) 2082(53.5%) 986(52.7%) 0.6852 4369(53.5%)

BMI (kg/m2) 23.5±3.5 23.6±3.5 23.4±3.4 23.1±3.4 0.0002 23.4±3.4
Rural region (n, %) 461(55.5%) 958(60.8%) 2699(69.3%) 1327(70.9%) <0.0001 5445(66.6%)

Educational attainment <0.0001
Low (n, %) 655(78.7%) 1118(71.0%) 2871(73.7%) 1551(82.9%) 6195(75.8%)

Medium (n, %) 143(17.2%) 348(22.1%) 795(20.4%) 266(14.2%) 1522(19.0%)
High (n, %) 33(4.1%) 109(6.9%) 227(5.9%) 54(2.9%) 423(5.2%)

Household income per capita <0.0001
Low (n, %) 55(6.71%) 117(7.5%) 359(9.3%) 211(11.4%) 742(9.2%)

Medium (n, %) 275(33.5%) 491(31.5%) 1354(35.1%) 714(38.7%) 2834(25.1%)
High (n, %) 490(59.8%) 951(61.0%) 2147(55.6%) 919(49.8%) 4507(55.7%)

Geographical region <0.0001
Northern region (n, %) 406(48.9%) 702(44.6%) 1692(43.5%) 687(36.7%) 3847(42.7%)

Southern region (n, %) 425(51.4%) 873(55.4%) 2201(56.5%) 1184(63.3%) 4683(57.3%)

Total energy intake (kcal/d) 2030.6±717.3 2134.8±652.1 2162.7±641.5 2122.8±686.8 <0.0001 2134.8±665.9

Current smoker (n, %) 255(30.7%) 421(26.7%) 1054(27.1%) 506(27.0%) 0.1583 2236(27.4%)
Alcohol drinking (n, %) 285(34.3%) 543(34.5%) 1280(32.9%) 577(30.8%) 0.1066 2685(32.9%)

Physical activity <0.0001
Low (n, %) 528(62.5%) 901(57.2%) 1944(49.9%) 963(51.5%) 4336(53.1%)

Moderate (%) 103(12.4%) 244(15.5%) 594(15.3%) 238(12.7%) 1179(14.4%)
High (n, %) 200(24.0%) 430(27.3%) 1455(34.8%) 670(35.8%) 2655(36.5%)

Medical history
Diabetes (n, %) 35(4.2%) 46(2.9%) 92(2.4%) 60(3.2%) 0.0205 233(2.9%)

Hypertension (%) 170(20.5%) 210(13.3%) 405(10.4%) 271(14.5%) <0.0001 1056(12.9%)

MI (n, %) 13(1.6%) 20(1.3%) 23(0.6%) 22(1.2%) 0.0100 78(1.0%)
Stroke (n, %) 17(2.0%) 11(0.7%) 39(1.0%) 39(2.1%) 0.0002 106(1.3%)

Blood pressure
SBP (mmHg) 130.5±20.8 125.7±18.9 123.0±17.8 124.0±20.0 <0.0001 124.7±19.0

DBP (mmHg) 82.7±11.5 81.0±11.4 80.2±11.0 79.6±11.5 <0.0001 80.5±11.3

Hs-CRP (mg/L) 1.80±1.88 1.70±1.88 1.55±1.74 1.73±1.90 <0.0001 1.64±1.82

TG (mmol/L) 1.78±1.46 1.67±1.52 1.68±1.52 1.66±1.46 0.0278 1.68±1.50

LDL-C (mmol/L) 3.11±0.97 3.03±0.97 2.95±0.99 2.92±0.95 <0.0001 2.97±0.98
HDL-C (mmol/L) 1.45±0.39 1.44±0.49 1.44±0.55 1.43±0.43 0.2854 1.44±0.50

UA (μmol/L) 316.5±98.5 306.8±110.9 306.8±105.0 307.9±110.1 0.0408 308.1±106.7

Glucose (mmol/L) 5.51±1.50 5.37±1.34 5.30±1.38 5.33±1.47 <0.0001 5.34±1.41
Insulin (uIU/mL) 14.91±28.31 13.78±19.04 14.17±21.58 14.89±26.44 0.1055 14.33±23.10

Notes: Data are expressed as the mean ± SD or as number (percentage). aP value represents the significance of difference across sleep duration categories. P values were 
determined by one-way analysis of variance or Kruskal–Wallis test for continuous variables and Pearson χ2 statistic for categorical variables. 
Abbreviations: BMI, body mass index; MI, Myocardial infarction; SBP, systolic blood pressure; DBP, diastolic blood pressure; hs-CRP, high sensitive C-reactive protein; TG, 
triglycerides; LDL-C, low density lipoprotein cholesterol; HDL-C, high density lipoprotein cholesterol; UA, uric acid. Glucose: Fasting serum glucose. Insulin: Fasting serum 
insulin.
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attainments and higher levels of LDL-C. Participants in the 
northern region of China were more likely to have higher 
BMI, higher levels of TG, LDL-C, SBP, and DBP, lower 

levels of HDL-C, and reported a history of diabetes, MI, and 
stroke. Additionally, characteristics of participants across 
sleep duration categories were also reported for stratified 

Table 2 Characteristics of Participants by Sex and Geographical Region

Male 
(n=3801)

Female 
(n=4369)

P Valuea Northern 
(n=3487)

Southern 
(n=4683)

P Valuea

Sleep duration (hours) 8.0±1.2 7.9±1.2 0.3070 7.8±1.2 8.0±1.2 <0.0001
Sleep duration ≤ 6h 372(9.8%) 459(10.5%) 406(11.7%) 425(9.1%)
Sleep duration = 7h 733(19.3%) 842(19.3%) 702(20.1%) 873(18.6%)

Sleep duration = 8h 1811(47.7%) 2082(47.7%) 1692(48.5%) 2201(47.0%)

Sleep duration ≥ 9h 885(22.6%) 986(23.3%) 687(19.7%) 1184(25.3%)

Age (years) 50.0±15.0 50.1±15.0 0.9800 49.7±15.5 50.3±15.3 0.0814

BMI (kg/m2) 23.4±3.4 23.4±3.5 0.8410 24.1±3.4 22.8±3.3 <0.0001
Rural region (n, %) 2537(66.7%) 2908(66.6%) 0.8692 2385(68.4%) 3060(65.3%) 0.0038

Household income per capita 0.0041 0.0115
Low (n, %) 312(8.3%) 430(10.0%) 350(10.1%) 392(8.5%)

Medium (n, %) 1293(34.3%) 1541(35.7%) 1168(33.7%) 1666(36.1%)
High (n, %) 2165(57.4%) 2342(54.3%) 1945(56.2%) 2562(55.4%)

Educational attainment <0.0001 0.0220
Low (n, %) 2712(71.4%) 3483(79.7%) 2619(75.1%) 3576(76.3%)

Medium (n, %) 830(21.8%) 722(16.5%) 660(18.9%) 892(19.0%)

High (n, %) 259(6.8%) 167(3.8%) 208(6.0%) 215(4.6%)

Total energy intake (kcal/d) 2338.0±669.7 1957.9 ±609.9 <0.0001 2075.1±623.4 2179.2±692.6 <0.0001

Current smoker (n, %) 2079(54.7%) 157(3.6%) <0.0001 938(26.9%) 1298(27.7%) 0.4124
Alcohol drinking (n, %) 2294(60.3%) 391(9.0%) <0.0001 1145(32.8%) 1540(32.9%) 0.9631

Physical activity <0.0001 <0.0001
Low (n, %) 1767(46.5%) 2569(58.8%) 1841(52.8%) 2495(53.3%)

Moderate (n, %) 648(17.0%) 531(12.1%) 446(12.8%) 733(15.6%)
High (n, %) 1386(36.5%) 1269(29.1%) 1200(34.4%) 1455(31.1%)

Medical history
Diabetes (n, %) 125(3.3%) 108(2.5%) 0.0270 123(3.5%) 110(2.4%) 0.0015

Hypertension (n, %) 466(12.3%) 590(13.5%) 0.0945 462(13.2%) 594(12.7%) 0.4515

MI (n, %) 38(1.0%) 40(0.9%) 0.6963 46(0.5%) 32(0.4%) 0.0035
Stroke (n, %) 74(1.9%) 32(0.7%) <0.0001 56(1.6%) 50(1.1%) 0.0335

Blood pressure
SBP (mmHg) 126.1±17.5 123.4±20.1 <0.0001 126.3±18.0 123.5±19.4 <0.0001

DBP (mmHg) 82.1±11.0 79.0±11.3 <0.0001 82.8±11.1 78.7±11.1 <0.0001

Hs-CRP (mg/L) 1.68±1.81 1.62±1.84 0.0007 1.65±1.80 1.64±1.85 0.1696

TG (mmol/L) 1.83±1.74 1.56±1.25 <0.0001 1.75±1.66 1.64±1.37 0.0191

LDL (mmol/L) 2.92±0.96 3.02±0.98 <0.0001 3.04±1.03 2.92±0.93 <0.0001
HDL (mmol/L) 1.39±0.53 1.48±0.47 <0.0001 1.42±0.56 1.45±0.45 <0.0001

UA (μmol/L) 356.8±113.0 265.7±79.6 <0.0001 292.3±107.1 319.8±105.0 <0.0001

Glucose (mmol/L) 5.41±1.54 5.28±1.27 0.0071 5.50±1.56 5.22±1.26 <0.0001
Insulin (uIU/mL) 14.7±23.7 14.0±22.5 0.2633 15.0±22.5 13.8±24.5 <0.0001

Notes: Data are expressed as the mean ± SD or as number (percentage). aP value represents the significance of group differences. P values were determined by 2-side t-test 
for continuous variables and Pearson χ2 statistic for categorical variables. 
Abbreviations: BMI, body mass index; MI, myocardial infarction; SBP, systolic blood pressure; DBP, diastolic blood pressure; hs-CRP, high sensitive C-reactive protein; TG, 
triglycerides; LDL-C, low density lipoprotein cholesterol; HDL-C, high density lipoprotein cholesterol; UA, uric acid. Glucose: Fasting serum glucose. Insulin: Fasting serum 
insulin.
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samples separately (in Table S1 for men, Table S2 for 
women, Table S3 for the southern region, and Table S4 for 
the northern region).

Associations Between Sleep Duration and 
Hs-CRP
Results from multiple lineal regression analyses with multiple 
covariates adjustments in complete samples are displayed in 
Table 3. In the unadjusted model, both short (≤ 6h) and long 
(≥ 9h) sleep duration were significantly associated with hs- 
CRP levels (P<0.05), but the associations between short sleep 
duration and hs-CRP levels disappeared with adjustments for 
age, sex, and BMI (P=0.5258). In contrast, long sleep dura-
tion retained its significant relationship with high hs-CRP 
levels in the full model (β= 0.0369 [95% CI, 0.0062–0.0676]; 
P=0.0183) including age, sex, BMI, residence, educational 
attainment, household income per capita, geographical 
region, smoking, drinking, physical activity level, total energy 
intake, SBP, DBP, TG, HDL-C, LDL-C, UA, fasting glucose, 
fasting serum insulin, and even in the over-controlled model 
that additionally contained health status-related variables 
(β=0.0356 [95% CI, 0.0050–0.0663]; P=0.0228).

Subgroup Analyses by Sex and 
Geographical Regions
Subgroup analyses by sex are displayed in Table 4. In 
female participants, the statistical significance of the asso-
ciations between long sleep duration and high hs-CRP 
levels were continuously observed in all models 
(β=0.0512 [95% CI, 0.0097–0.0927]; P=0.0155), whereas 
the associations with short sleep duration were not 

observed in all performing models (P>0.05). In male par-
ticipants, however, neither short nor long sleep duration 
was significantly associated with hs-CRP levels.

When samples were stratified by geographical region, 
there were differences between the subgroups (Table 5). In 
the northern region of China, long sleep duration was 
positively associated with hs-CRP levels in all cases 
(β=0.0699 [95% CI, 0.0210–0.1187]; P=0.0051), while 
short sleep duration only showed significant associations 
in the unadjusted model. In the southern region of China, 
short sleep duration was positively related to hs-CRP 
levels only in the unadjusted models (P=0.0010), while 
long sleep duration was not associated with hs-CRP levels.

Sensitivity Analysis
The association between sleep duration and hs-CRP did 
not change while hs-CRP was treated as a categorical 
variable. Compared with 8h of sleep duration, long sleep 
duration was significantly associated with high levels of 
hs-CRP (≥ 3mg/L) in unadjusted model (OR=1.356 [95% 
CI, 1.155–1.592]; P=0.0002) and multi-adjusted models 
(model 5: OR=1.259 [95% CI, 1.063–1.490]; P=0.0052). 
Whereas, the association between short (≤ 6h) sleep dura-
tion and high levels of hs-CRP (≥ 3mg/L) was only 
observed in unadjusted model (OR=1.320 [95% CI, 1.-
064–1.638]; P=0.0117), but not in multi-adjusted models 
(model 5: OR=1.007 [95% CI, 0.802–1.264]; P=0.9528).

Discussion
This was the first large-scale, nationally representative 
study to evaluate the associations between hs-CRP and 

Table 3 Associations Between Sleep Duration and Hs-CRP Levels in the Complete Samples

Model ≤6h 7h 8h ≥9h

β(95% CI) P value β(95% CI) P values [Reference] β(95% CI) P value

Participants, No. 831 1575 3893 1871

Unadjusted 0.0957(0.0506, 0.1408) <0.0001 0.0451(0.0098, 0.0803) 0.0122 [Reference] 0.0524(0.0192, 0.0856) 0.0020

Model 1a 0.0139(−0.0291, 0.0570) 0.5258 0.0064(−0.0268, 0.0397) 0.7051 [Reference] 0.0444(0.0131, 0.0757) 0.0054

Model 2 b 0.0153(−0.0281, 0.0588) 0.4896 0.0093(−0.0242, 0.0428) 0.5859 [Reference] 0.0421(0.0105, 0.0737) 0.0090

Model 3c 0.0094(−0.0341, 0.0528) 0.6722 0.0080(−0.0254, 0.0414) 0.6388 [Reference] 0.0396(0.0082, 0.0709) 0.0134

Model 4d −0.0044(−0.0466, 0.0379) 0.8396 0.0081(−0.0224, 0.0406) 0.6247 [Reference] 0.0369(0.0062, 0.0676) 0.0183

Model 5e −0.0049(−0.0472, 0.0373) 0.8194 0.084(−0.0241, 0.0409) 0.6113 [Reference] 0.0356(0.0050, 0.0663) 0.0228

Notes: Hs-CRP was normalized by natural-log transformation; the level of hs-CRP at eight hours of sleep was used as a reference. β (95% CI): Regression coefficients and 
95% confidence interval of log hs-CRP across sleep duration categories. aModel 1 adjusted for age, sex, body mass index (BMI). bModel 2 adjusted for Model 1, educational 
attainment, geographical region, residence and household income per capita. cModel 3 adjusted for Model 2, smoking status, alcohol drinking habits, physical activities levels 
and total energy intake. dModel 4 adjusted for Model 3, systolic and diastolic blood pressure, low density lipoprotein cholesterol (LDL-C), high density lipoprotein 
cholesterol (HDL-C), triglycerides, uric acid, fasting serum glucose, fasting serum insulin. eModel 5: adjusted for Model 4 and health status related variables (the histories of 
diagnosed diabetes, hypertension, myocardial infarction, stroke and cancer, the uses of oral antidiabetic medicines, insulin, and antihypertensive drugs). 
Abbreviations: CI, confidence interval; hs-CRP, high-sensitivity C-reactive protein.
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estimated sleep duration among Chinese adults. Compared 
with eight hours of sleep, long sleep duration (≥ 9h) was 
consistently associated with increased hs-CRP levels with 
adjustments of numerous confounders within complete 
samples. The effects of long sleep duration also existed 
in all models among women and participants from the 
northern region of China. Our findings highlighted the 
robustness of the associations and implied that long sleep 
duration might be an independent risk factor for elevated 
hs-CRP concentrations. Conversely, the associations of 
short sleep duration (≤6h) with hs-CRP levels were limited 
to unadjusted models and disappeared with adjustments 
for age, sex, and BMI. Moreover, short sleepers were 
more likely to have inflammation-related risk factors in 
our study, such as older age, higher BMI, and higher levels 
of lipids, which suggested that the effects of short sleep 
duration in unadjusted models might largely be a result of 
these confounding factors.

Race/Ethnicity Difference
The American Academy of Sleep Medicine (AASM) and 
the Sleep Research Society (SRS) recommend 7–9h per 

night as the appropriate sleep duration for adults.32,33 For 
Chinese adults, 7–8h per day is recommended for optimal 
health and 9 hours or more are considered excessive sleep 
duration by the Chinese Center for Disease Control and 
Prevention, who summarized the features of Chinese 
populations and the recommendations from the American 
National Sleep Foundation.27,34 In our study, participants 
who slept eight hours regularly had the lowest levels of hs- 
CRP, whereas long sleep was associated with high hs-CRP 
levels. A previous study from Taiwan claimed the opposite 
results, but the sample size was 353.17 However, another 
study from Taiwan21 showed results similar to our study. 
Moreover, several recent longitudinal studies found that 
long sleep duration independently elevated the incident 
risk to stroke5 and mild cognition impairments35 in 
Chinese people and the risk of dementia in Japanese 
people,36 all related to inflammations. Furthermore, longer 
sleep duration was demonstrated to be associated with 
a higher risk of mortality among Chinese populations in 
a large-scale prospective study.37 Thus, the implications 
are that long sleep duration in Asian populations needs to 
be given much more attention.

Table 4 Relationships Between Sleep Duration and Hs-CRP Levels by Sex

Model ≤6h 7h 8h ≥9h

β(95% CI) P value β(95% CI) P value [Reference] β(95% CI) P value

Men

Participants, No. 372 733 1811 885

Unadjusted 0.0500(−0.0157, 0.1157) 0.1357 0.0386(−0.0119, 0.0892) 0.1338 [Reference] 0.0332(−0.0142, 0.0805) 0.1695

Model 1a 0.0024(−0.0616, 0.0663) 0.9424 0.0134(−0.0355, 0.0622) 0.5916 [Reference] 0.0297(−0.0160, 0.0755) 0.2028

Model 2 b 0.0051(−0.0592, 0.0695) 0.8757 0.0148(−0.0342, 0.0637) 0.5548 [Reference] 0.0277(−0.0182, 0.0736) 0.2371

Model 3c 0.0017(−0.0625, 0.0659) 0.9592 0.0148(−0.0340, 0.0637) 0.5519 [Reference] 0.0258(−0.0200, 0.0716) 0.2690

Model 4d −0.0006(−0.0626, 0.0638) 0.9851 0.0173(−0.0308, 0.0653) 0.4817 [Reference] 0.0227(−0.0224, 0.0678) 0.3238

Model 5e −0.0006(−0.0637, 0.0625) 0.9843 0.0200(−0.0281, 0.0681) 0.4148 [Reference] 0.0214(−0.0238, 0.0666) 0.3530

Women

Participants, No. 459 842 2082 986

Unadjusted 0.1346(0.0726, 0.1966) <0.001 0.0507(0.0016, 0.0997) 0.0431 [Reference] 0.0688(0.0224, 0.1153) 0.0037

Model 1a 0.0180(−0.0401, 0.0762) 0.5433 −0.0008(−0.0461, 0.0445) 0.9731 [Reference] 0.0564(0.0136, 0.0992) 0.0097

Model 2 b 0.0218(−0.0365, 0.0801) 0.4644 −0.0013(−0.0466, 0.0440) 0.9545 [Reference] 0.0549(0.0120, 0.0978) 0.0122

Model 3c 0.0159(−0.0426, 0.0743) 0.5941 −0.0040(−0.0492, 0.0412) 0.8619 [Reference] 0.0525(0.0096, 0.0953) 0.0163

Model 4d −0.0102(−0.0667, 0.0463) 0.7232 0.0043(−0.0394, 0.0479) 0.8487 [Reference] 0.0517(0.0104, 0.0931) 0.0142

Model 5e −0.0087(−0.0654, 0.0479) 0.7626 0.0018(−0.0420, 0.0456) 0.9355 [Reference] 0.0512(0.0097, 0.0927) 0.0155

Notes: Hs-CRP was normalized by natural-log transformation; the level of hs-CRP at eight hours of sleep was used as a reference. β (95% CI): Regression coefficients and 
95% confidence interval of log hs-CRP across sleep duration categories. aModel 1 adjusted for age, body mass index (BMI). bModel 2 adjusted for Model 1, educational 
attainment, geographical region, residence and household income per capita. cModel 3 adjusted for Model 2, smoking status, alcohol drinking habits, physical activities levels 
and total energy intake. dModel 4 adjusted for Model 3, systolic and diastolic blood pressure, low density lipoprotein cholesterol (LDL-C), high density lipoprotein 
cholesterol (HDL-C), triglycerides (TG), uric acid (UA), fasting serum glucose, fasting serum insulin. eModel 5: adjusted for Model 4 and health status related variables (the 
histories of diagnosed diabetes, hypertension, myocardial infarction, stroke and cancer, the uses of oral antidiabetic medicines, insulin, and antihypertensive drugs). 
Abbreviations: CI, confidence interval; hs-CRP, high-sensitivity C-reactive protein.
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Noticeably, almost all previous studies based on pre-
dominantly Caucasian populations were different from the 
current study. Two previous studies reported null associa-
tions between hs-CRP levels and sleep duration after 
adjustment for covariates, but one with 43 non-pregnant 
young women in USA and the other with adults aged 
30–60 years in UK.38,39 Alternatively, more studies eluci-
dated apparent associations of short sleep duration with 
elevated CRP levels;12,13,16,18,19 some studies showed 
U-shaped relationships.13,19 The discrepancies mentioned 
above might largely result from the effects of race. 
Grandner and his colleague previously reported race dif-
ferences but with predominantly White and few Asian 
participants.13 Our study with Chinese populations further 
supported the hypothesis of race difference in the effect of 
sleep duration on hs-CRP. Chinese populations are differ-
ent from White populations in many aspects,40,41 including 
physiology and habitual lifestyles. Apart from different 
recommended optimal sleep duration, earlier studies 
demonstrated that the distributions of hs-CRP in Asian 
populations were different from those in Western 
populations.42 A recent scientific statement from AHA 

also elucidated the race discrepancies regarding the asso-
ciations between sleep and cardiovascular risk factors.6

Sex and Regional Difference
Sex difference, possibly due to the effects of sex 
hormones,43 varies in patterns with race. Our study found 
significant associations of long sleep duration with 
increased hs-CRP levels only among women, but null 
associations of sleep duration among men. On the con-
trary, a previous study on aging English people reported 
such associations among men, but not among women.44 

Separately, the Whitehall study on British adults observed 
associations of short sleep duration only among women, 
but not among men.45 A previous study on American 
adults depicted linear relationships among women but 
J-shaped associations among men with a significant differ-
ence in long sleep duration.13 Another previous study on 
young American adults18 stated that elevated hs-CRP 
levels were associated with short sleep duration among 
men, while with long sleep duration among women. The 
differences in the findings of sex effects between our and 
other studies might be attributable to race effects, but the 

Table 5 Relationships Between Sleep Duration and Hs-CRP Levels by Geographical Region

Model ≤6h 7h 8h ≥9h

β(95% CI) P value β(95% CI) P value [Reference] β(95% CI) P value

Southern Region

Participants, No. 425 873 2201 1184

Unadjusted 0.1067(0.0432, 0.1703) 0.0010 0.0421(−0.0059, 0.0901) 0.0853 [Reference] 0.0417(−0.0015, 0.0849) 0.0586

Model 1a 0.0018(−0.0583, 0.0620) 0.9523 −0.0032(−0.0480, 0.0417) 0.8902 [Reference] 0.0207(−0.0197, 0.0611) 0.3154

Model 2 b 0.0038(−0.0566, 0.0641) 0.9025 −0.0020(−0.0470, 0.0429) 0.9292 [Reference] 0.0197(−0.0208, 0.0602) 0.3407

Model 3c −0.0009(−0.0612, 0.0593) 0.9755 −0.0035(−0.0483, 0.0413) 0.8792 [Reference] 0.0210(−0.0194, 0.0613) 0.3090

Model 4d −0.0105(−0.0694, 0.0484) 0.7279 −0.0032(−0.04692, 0.0406) 0.8872 [Reference] 0.0173(−0.0222, 0.0568) 0.3839

Model 5e −0.0107(−0.0696, 0.0482) 0.7695 −0.0041(−0.0479, 0.0398) 0.8559 [Reference] 0.0166(−0.0229, 0.0561) 0.4098

Northern Region

Participants, No. 406 702 1692 687

Unadjusted 0.0827(0.0189, 0.1465) 0.0111 0.0484(−0.0034, 0.1003) 0.0671 [Reference] 0.0733(0.0211, 0.1256) 0.0029

Model 1a 0.0301(−0.0317, 0.0918) 0.3402 0.0181(−0.0314, 0.0675) 04738 [Reference] 0.0749(0.0253, 0.1245) 0.0031

Model 2 b 0.0293(−0.0328, 0.0914) 0.3550 0.0164(−0.0333, 0.0661) 0.5173 [Reference] 0.0745(0.0246, 0.1244) 0.0034

Model 3c 0.0210(−0.0412, 0.0831) 0.5091 0.0156(−0.0340, 0.0629) 0.5705 [Reference] 0.0715(0.0216, 0.1215) 0.0050

Model 4d 0.0036(−0.0572, 0.0644) 0.9086 0.0200(−0.0284, 0.0684) 0.4187 [Reference] 0.0717(0.0229, 0.1205) 0.0040

Model 5e 0.0034(−0.0574, 0.0642) 0.9120 0.0210(−0.0274, 0.0695) 0.3953 [Reference] 0.0699(0.0210, 0.1187) 0.0051

Notes: Hs-CRP was normalized by natural-log transformation; the level of hs-CRP at eight hours of sleep was used as a reference. β (95% CI): Regression coefficients and 
95% confidence interval of log hs-CRP across sleep duration categories. aModel 1 adjusted for age, sex, body mass index (BMI). bModel 2 adjusted for Model 1, educational 
attainment, residence and household income per capita. cModel 3 adjusted for Model 2, smoking status, alcohol drinking habits, physical activities levels and total energy 
intake. dModel 4 adjusted for Model 3, systolic and diastolic blood pressure, low density lipoprotein cholesterol (LDL-C), high density lipoprotein cholesterol (HDL-C), 
triglycerides (TG), uric acid (UA), fasting serum glucose, fasting serum insulin. eModel 5: adjusted for Model 4 and health status related variables (the histories of diagnosed 
diabetes, hypertension, myocardial infarction, stroke and cancer, the uses of oral antidiabetic medicines, insulin, and antihypertensive drugs). 
Abbreviations: CI, confidence interval; hs-CRP, high-sensitivity C-reactive protein.
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divergences among studies may have resulted from differ-
ent targeted populations and measurements of sleep 
duration.

To the best of our knowledge, the regional differences 
between northern and southern China pertaining to sleep 
duration have never been reported before. Our study found 
continued associations of long sleep duration only in the 
northern region, while the relationships of short sleep 
duration were weak in the southern region. Studies 
reported a higher prevalence of obesity possibly owing to 
the difference in dietary patterns29,46 and a higher preva-
lence of hypertension probably associated with environ-
mental exposure22 in the northern regions of China, such 
as different climates and latitudes. Consistent with those 
results, our study also showed higher BMI and more 
hypertension in participants from the northern regions of 
China. However, more studies are required to confirm the 
existence of geographical differences as well as to under-
stand the underlying mechanisms.

Implications
CVD contains significant inflammatory components,9 and 
increasing evidence has established hs-CRP as an effective 
predictor for cardiovascular risk.7,9,47 As the burden of CVD 
in China is increasingly serious,48,49 there is an urgent need 
for effective CVD prevention strategies for Chinese popula-
tions. Appropriate management of sleep duration could con-
tribute to the promotion of CVD prevention. Long sleep in 
association with increased hs-CRP levels probably needs to 
be given more attention with regard to cardiovascular risk. 
Recently, several studies have stated that long sleep duration 
was associated with an elevated risk of cardiovascular 
outcomes.33,50 Long sleep duration is possibly a behavioral 
risk factor for CVD, which has been largely ignored, espe-
cially in Asian populations.

Substantial studies elucidated a bidirectional connec-
tion between sleep and inflammation, in which the activa-
tion of the immune system might play an important 
role.1,2,51 Mechanisms explaining increased inflammation 
among short sleepers were explored in previous studies,4 

while underlying mechanisms of long sleep duration 
remained poorly understood. Some studies assumed that 
long sleep duration was a predictor of participants with 
underlying conditions, especially inflammation-related 
diseases.1,33 However, more and further studies are 
required to better understand how long sleep duration 
influences health outcomes.

Strengths and Limitations
Our study is the first to evaluate the associations 
between sleep duration and hs-CRP levels in a large- 
scale, nationwide sample of Chinese adults, which 
included more than 8000 participants from nine pro-
vinces in China. All known confounders were adjusted 
as much as possible in our study, including sociodemo-
graphic information, lifestyle factors, BMI, blood pres-
sure, serum lipids levels, UA, fasting serum glucose, 
fasting serum insulin, and health status,6,8 which implied 
the possibility that long sleep duration might be an 
independent risk factor for high hs-CRP levels. 
Furthermore, hs-CRP represents a good prediction of 
cardiovascular risk beyond traditional risk factors,47 

and sleep duration is a comparatively modifiable factor 
for health. Our study may inspire the modification of 
long sleep duration in targeted behavioral therapy to 
reduce CVD risks in Chinese adults.

Nevertheless, there were several limitations. First, as 
a cross-sectional study, the present study could not make 
causal inferences. Second, the polysomnography which is 
a valid tool for measuring sleep disorder is absent, and the 
self-bias is likely to have influenced self-reported sleep 
duration. Third, there may be bias due to the existence of 
unknown confounders. Fourth, participants who had con-
cerns about sleep disturbance may be more likely to 
answer the questions about sleep duration and remember 
more clearly about their sleep duration.

Conclusion
This large-scale, nationally representative study of Chinese 
adults conclusively demonstrated a robust association 
between long sleep duration and high hs-CRP levels. 
This association was particularly strong among women, 
which indicated sex difference, and among participants in 
the northern region of China, which revealed the geo-
graphic regional difference. Short sleep duration was not 
associated with hs-CRP levels. Our findings were different 
from those in Western countries but appropriate for 
Chinese populations, which supports the possibility of 
race effects in the associations between sleep duration 
and hs-CRP levels. Our study suggested that long sleep 
duration might be a risk factor for CVD and simulta-
neously implied that modifications of long sleep duration 
might reduce the cardiovascular risk for Chinese adults. 
Further high-quality prospective and interventional studies 
are required to confirm our findings.
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